Work for the Medical Research Council, 1942 -1970 John's 28-year period working for the Medical Research Council (MRC) began in 1942, when he joined the MRC's Military Personnel Research Committee in a unit headed by Ben Platt. His initial project involved the study of heat stress in troops in the Iraqi desert; it lasted for 18 months and resulted in publications on important new distinctions between heat stroke and heat exhaustion. Platt's unit became the Human Nutrition Research Unit immediately after the war, Platt having told John that 'nutrition is going to be one of the most important problems', a point of view which John readily accepted.
Between 1945 and 1954 John's work focused on fatty liver disease in malnourished children and took him to the Caribbean (1945 Caribbean ( -1946 , the Gambia (1950 Gambia ( -1951 and Jamaica (1951) (1952) (1953) (1954) . During the last three years of this period, while maintaining his external MRC post on a part-time basis, he lost touch with Platt and had a part-time job teaching physiology in the newly created University of the West Indies. His resources were limited but he persuaded the MRC to establish him as the director of a small unit with its own beds, to be called the 'Tropical Metabolism Research Unit' (TMRU), to research severe infantile malnutrition.
The TMRU was established in 1954 and its building, a ward with 16 beds and assorted laboratories, was completed in 1956. Initial Caribbean staff included the most exceptional of John's physiology students, George Alleyne and David Picou, and expatriate staff, Roger Smith, Verity Wills, John Garrow and the biochemist Joan Stephen, whom John had met while she worked at the MRC head office editing his first fatty liver report, and who remained his lifelong companion. The unit flourished with him at the centre of its laboratory and clinical work (figure 1), becoming an international centre of excellence.
Most importantly, John dramatically lowered the mortality rate of the severely malnourished infants. After the early years, when he recounted that 'In spite of all our efforts to understand the pathophysiology of malnutrition, mortality in the Unit remained high', clinical management rapidly improved since, according to Ann Ashworth, mortality was already low when she arrived in 1964. By the time that John left Jamaica in 1970, it was rare. Although he never claimed responsibility for the changes in clinical management, under his leadership the TMRU clinical and nutritional staff, John Garrow, David Picou, George Alleyne, Ann Ashworth, Philip James and others, had transformed clinical management. This involved a cautious initial approach with a low-protein low-energy feed with appropriate electrolytes and antibiotics, allowing metabolic stabilization, followed by more aggressive feeding of an energy-dense higher-protein feed, allowing rapid catch-up growth.
In 1970, John moved to London and the TMRU was transferred from the MRC to the University of the West Indies as an independent department in the Faculty of Medicine. It continues to flourish there today within the larger Caribbean Institute for Health Research established in 2017.
Head of the Department of Nutrition, London School of Hygiene and Tropical Medicine, 1970-1982 Ben Lecture (32) , what he saw to be a crisis of identity for the professional nutritionist and nutritional science, which he argued occupied a 'middle place' in the chain of knowledge and endeavour between molecular biology and the social and political sciences.
With an MRC programme grant to fund his protein-turnover work and Wellcome Trust support for a new building, John established the Clinical Nutrition and Metabolism Unit (CNMU) at the Hospital for Tropical Diseases at St Pancras in 1972. This housed the experimental members of Platt's team, Carey Heard and Reg Stewart, and John's own team, initially Peter Garlick, myself and, briefly, Philip James. The CNMU soon developed into an internationally recognized hothouse of research on protein metabolism in animals and humans, aimed at identifying mechanisms by which protein deposition during growth and balance were nutritionally and physiologically regulated at the level of protein synthesis and turnover. John's 1978 book on protein turnover (31) (with Peter Garlick and myself) rapidly became a citation classic, and he updated it in 2006 (39), aged 90.
With little available time for hands-on work, John nevertheless supervised many PhD students and continued his [
15 N] studies of whole-body protein turnover (WBPT), enabled, typically, by a largely self-assembled isotope ratio mass spectrometer. His early experimental work on fatty liver disease and subsequent work on protein turnover both contributed to his election as FRS in 1982. Indeed, his pre-eminence as the international authority on protein was recognized with his appointment as chair of the 1981 FAO/WHO expert consultation on Energy and Protein Requirements and author of its report (WHO 1985) . His retirement at 65 * Numbers in this form refer to the bibliography at the end of the text. 
Scientific contribution
John's published scientific output is wide-ranging and includes experimental and clinical work, as well as work in public health nutrition, with influential books in each category (31, 39, 40) . His most highly cited work comprises his experimental work on protein metabolism and turnover, the pathophysiology of malnutrition, and public health nutrition. These last papers involved the classification and definition of protein-energy malnutrition (24) and the use of heights and weights to compare the nutritional status of groups of children (29) , which simplified a then confusing subject by introducing the concept of stunting (low height for age) and wasting (low weight for height). His identification of BMI cut-offs for chronic energy deficiency in adults (34) is also highly cited. His public health and clinical nutrition work, his honours and his various prizes have been described in detail in an obituary written by Sir George Alleyne in the British Journal of Nutrition (Alleyne 2011) . For the rest of this memoir the emphasis is on his experimental work, about which a more extended review was published in 2011 (Millward & Stephen 2011) .
Investigation of fatty liver disease and hepatic metabolism in the Caribbean and West Africa
In the summer of 1945 John was sent by Ben Platt to the British West Indies to investigate why infant mortality was so high, even though he had no paediatric experience and little nutritional knowledge. However he had already acquired an ability to conduct medical and physiological research during his wartime work on heat stroke and heat exhaustion in Iraq (1,2) .
The account of his work over his nine months in the West Indies, written up in 1948 as his MD thesis, and published by the MRC as a special report on fatty liver disease (3), is astonishing in terms of its breadth, detail and insight. Travelling on his own in Trinidad, British Guiana and Jamaica, John collated growth data from 1397 infants from clinics in Guyana and Jamaica and examined 780 infants and 173 schoolchildren, identifying 60 with enlarged fatty livers and 15 cases with liver damage (identified by liver function tests and histological examinations of biopsy tissue). All the clinical, biochemical and pathological features now recognized as being associated with severe infantile malnutrition are meticulously catalogued, as are liver function tests and actual feeding studies with methionine, choline, milk, yeast and various vitamin preparations used as both potential lipotropic and therapeutic agents.
John concluded that, while the syndrome he had described differed from kwashiorkor as reported in African children, in that the characteristic skin changes were often absent and never severe, nevertheless the presenting features of oedema and vomiting, fatty liver and high mortality were shared with kwashiorkor. He suggested that the excess liver fat, up to 50% of liver weight, was exogenous in its origin, speculating a high carbohydrate diet as its causal nutritional origin with dietary protein deficiency also involved, given the therapeutic effect of milk. This echoed Cicely Williams' comments in her original description of kwashiorkor in West African children (Williams 1933) . Importantly, John showed a connection between infantile fatty liver and subsequent cirrhosis in older children, commenting that this was an example of a true dietary cirrhosis in humans.
Development of the Cartesian diver micro respirometer and the quartz micro balance
An indication of John's brilliance as a bench scientist was his ability to identify and adapt the most appropriate equipment for his studies. This is exemplified by the work he began after returning from the Caribbean to London in 1946. Having mastered the liver biopsy technique, he set about designing and building what he needed to explore the biochemistry of fatty liver, which no one had previously attempted. His hope was that by measuring various enzymes in homogenates of the biopsies he could identify a specific biochemical lesion. This needed both a micro respirometer, the Cartesian diver, and an ultrasensitive quartz fibre torsion balance to weigh the tiny tissue samples.
The diver was an ultrasensitive micro respirometer developed by Linderstrøm-Lang in Copenhagen (Linderstrøm-Lang 1943), which was 1000 times more sensitive than the Warburg apparatus and ideal for studying metabolism in liver biopsy samples from malnourished children. It was a thin-walled glass capillary, approximately 15 mm by 1.2 mm, sealed at one end, which floated in a heavy salt medium (figure 3a). Measurements were made after loading with the homogenate and the substrate for the enzyme under study, and transferring the diver to the medium in a flotation vessel in a constant temperature bath connected to a water manometer. The other end of the manometer was connected to a large bottle full of air in the bath, to compensate for changes in barometric pressure or temperature, and the pressure in the flotation vessel and manometer could be varied -positive or negative -with a simple device (see A, B and C in figure 3a) . The diver was so constructed that at atmospheric pressure it would just sink to the bottom of the flotation vessel. For the initial measurement it was brought to a fixed point of equilibrium in the flotation vessel, as observed through a lens-system eyepiece with a hairline, by applying a slight negative pressure. Each diver had its own equilibrium pressure and gas volume.
Waterlow and his assistant, Borrow, built and modified the apparatus for enzyme activity measurements. The inside of the diver was coated with silicone, a water-repellent substance, quite new at the time, enabling a single drop of the substrate (0.25 µl) to be placed on its inside wall (see figure 3b) . The homogenate and substrate were then mixed by temporarily shutting off the manometer and applying a strong positive pressure which mixed the reagents in the divers. In measuring oxygen uptake, a progressively increasing negative pressure is then required to bring the diver to equilibrium. If CO 2 is evolved in the diver it will rise, so that a positive pressure is needed to bring it back to equilibrium. The change in volume was calculated by Boyle's law. The technique would be essential for John's work for the next 20 years, initially for measuring enzyme activity and respiration rates in a few milligrams of liver tissue obtained by needle biopsy, and then, and most importantly, for measuring the amounts of lysine in plasma and tissue protein samples in his tracer-infusion studies of protein turnover.
The liver biopsy studies also required an ultrasensitive microbalance to weigh samples, so John designed and built a quartz torsion balance with a sensitivity of 1 µg. Remarkably, he did this on the basis of descriptions in 19th-century literature, together with the newly invented Araldite adhesive. The balance could weigh 2 mg tissue samples with an accuracy of about 1%, beyond the accuracy of any balance available on the market at that time.
Using the balance and diver in conjunction with a spectrophotometer, John could do duplicate assays of six or seven different enzyme systems, together with estimations of fat, protein, RNA and DNA on some 2-3 mg fresh weight of liver (from a total of about 7-10 mg in the biopsy). However, its main limitation was the time needed to fill and then incubate each diver -only about two divers an hour.
Gambian studies (1949) (1950) John's first opportunity to use this new equipment came during a one-year visit with his wife and three children to the MRC Field Research Station at Fajara, Gambia, working with John Walters, an Indian Army medical man. Their report on fibrosis of the liver in West African children published by the MRC in 1954 (6) is another outstanding work. The clinical picture was quite different from the Caribbean, not least because in the Gambia malaria was endemic. Fatty livers were much less common, present in only 2% of the 663 children examined, and no cases of kwashiorkor were observed, at least in its fully developed form. However, liver biopsy of 79 infants and children showed fibrosis in 80%, for which they proposed a dual aetiology of malnutrition and malaria, which John reaffirmed in a subsequent review of nutritional liver damage in man (8). He argued that fatty liver, which was usually reversible without damage, was not really a disease, but that malnutrition might have an indirect effect on the liver, predisposing it to injury, leading to fibrosis and cirrhosis, by other noxious agents-toxins, parasites or viruses. Golden was to develop this concept 30 years later into his free-radical, oxidative damage explanation of the aetiology of kwashiorkor (Golden 2002 ).
John's biochemical studies with his divers on the liver and other tissues in malnourished infants were extensive but largely disappointing. Apart from reduced activity of cholineesterase in plasma and liver, which returned to normal after four to five weeks on a milk diet (4), the activities of enzymes involved in single-step reactions that he studied in the Gambia (cytochrome oxidase and lactic acid dehydrogenase), and subsequently in Jamaica (malate and glutamate dehydrogenases, succinoxidase, cytochrome-c reductase and glutamate oxaloacetate transaminase), were either well preserved or slightly elevated (malate dehydrogenase and the transaminase) (10, 12, 22) . He commented later that he had hoped that these meticulous biochemical studies would be more sensitive than the microscope, but this was not the case. Jamaica, 1951 Jamaica, -1970 John's studies of fatty-liver disease continued in Jamaica, helped by the establishment of the TMRU and by Joan Stephen's meticulous biochemical expertise, which enabled a step change in the work. They observed that, microscopically, the fatty livers of these malnourished infants appeared as only a thin rim of cytoplasm surrounding a large fat globule, and speculated that the accumulation of excess fat accompanied a loss of cytoplasm due to a depletion of protein and other cytoplasmic constituents, as observed in protein-deficient rats (7). With DNA measured in their biopsies as a potential reference for other measurements, they showed that, on admission, the livers of these severely malnourished infants had lost 40% of their liver protein and RNA compared with recovered infants, while simultaneously accumulating the great excess of fat and a high concentration of glycogen (7).
Back in
This was clearly an important finding but it did not explain why fat was accumulating or why these children had such a high mortality rate. To address this question, they investigated the hypothesis that malnutrition could have a more generalized disorganizing influence on hepatic metabolism, with a failure of structural integrity. Over three years, after studying 50 infants, they showed that functional damage was apparent with increasing complexity of the system examined: i.e. respiration rates with malate were well maintained in the malnourished liver, but oxidative phosphorylation was slightly reduced, and P uptake into phosphatidic acid was greatly reduced (11,14). These studies not only were a technical tour de force in terms of the micro-methods involved, but they afforded a crucial insight into the metabolic derangements of kwashiorkor identified by Michael Golden some 40 years later (Golden 2002) .
They observed a very marked fall in the activities they were measuring in the liver biopsies with time, even when kept on ice; this was much more marked in biopsies from malnourished than from normal livers and this effect was directly related to the extent of fatty infiltration of the liver samples. They also showed that the biopsy tissue from malnourished fatty livers was capable of inhibiting respiration and phosphorylation by normal rat liver mitochondria. Because this fall in activity as the biopsy specimens were kept on ice was much lower in specimens from children after recovery from kwashiorkor and long before there was a change in the liver fat content, they concluded that this was a characteristic of the kwashiorkor liver itself that was reversed during successful treatment. Golden believes that it involves lipid peroxidation exacerbated by antioxidant deficiency and decompartmentalization of hepatic iron stores, supporting the free-radical hypothesis for kwashiorkor which is now generally recognized as part of the reductive adaptation of severe acute malnutrition.
The final Jamaican diver studies of liver biopsies from the infants discovered adaptive changes in enzymes relating to protein synthesis, the amino-acid-activating enzymes (t-RNA aminoacyl transferases), which were increased, and the urea cycle (argininosuccinate lyase, EC 4.3.2.1), which was reduced (Stephen 1968) . This was the same pattern of responses that they had observed in protein-deficient rats and was consistent with an adaptive reduction of the catabolism of amino acids to urea and promotion of their uptake into protein (19) . John's final enzyme studies, at the LSHTM, involved animal studies of adaptation of the urea-cycle enzymes and urea excretion to reduced protein intake. He observed a coordinated pattern of very rapid reduction in urea excretion and in urea-cycle and aminotransferase enzymes, assuming that these enzyme changes mediated the reduced urea excretion (25). However, in a subsequent comprehensive review of the regulation of the urea cycle (37), he concluded that the changes in urea-cycle enzymes in response to variation in protein intake were a consequence of the reduced nitrogen flux through the urea cycle, rather than mediating the reduced urea production rate.
Protein deficiency, protein metabolism and turnover, 1959-2005
John's initial experience of the therapeutic effect of milk for infants with kwashiorkor led him to believe, like Cicely Williams before him, that dietary protein deficiency was its primary dietary aetiology. This view was consistent with the consensus view of an early FAO/WHO Expert Committee on Nutrition (WHO 1951), which shaped attitudes towards the idea of protein deficiency for the next two decades. Consequently, dietary protein deficiency in these malnourished infants became his focus: i.e. the extent of tissue protein depletion and the mechanisms by which this occurred, in terms of changes in tissue protein synthesis and breakdown. He had noted in his Gambian report on hepatic fibrosis (5) that the effects of protein deficiency were most severe on organs with the highest rates of protein turnover (i.e. liver), but was impressed by pre-war animal studies showing that there was a variation with time in the extent of protein loss from different organs, with muscle eventually losing more in relative and absolute terms than liver. He was able to show this by assessing the changes in non-collagen protein : DNA ratios in liver and muscle biopsies of the malnourished children (9) .
Using isotope decay rates to study protein turnover
John's first studies of protein turnover were done in collaboration with John Garrow. Garrow, who was to become Professor of Nutrition at Barts in 1987 (see James 2016; Richmond 2016) , was an early recruit to the TMRU, and was, like John, an inventive scientist, designing and building the first radioactivity counters for the unit. Their studies of protein turnover reflected their belief that the pathology of severe malnutrition reflected a failure of protein synthesis. They initially focused on plasma protein turnover, with 35 S-labelled methionine, 131 I-labelled albumin and even Evans Blue as tracers, measuring the fall in tracer enrichment as a measure of the turnover of the protein (13) . These initial studies, involving adults (themselves), the infants, and protein-depleted dogs and rats, were of only limited success. However, they did suggest that albumin turnover was reduced by malnutrition, and that protein synthesis was even more reduced in the peripheral tissues than in the visceral organs: i.e. there was a differential response to protein deficiency to maintain the vital organs. Garrow had organized the installation at the TMRU of a whole-body liquid-scintillation counter to measure totalbody potassium in small children, supplied by Hewlett Packard (the first in the world) and this enabled a more sophisticated study of albumin turnover with 131 I-iodinated albumin by James & Hay (1968) . This demonstrated the adaptive changes in albumin metabolism in malnourished children and was the first major study of protein turnover at the TMRU.
Subsequently, several other potential tracer studies of the turnover rate of proteins were undertaken (16,21), including my own PhD work (Millward 1970 a,b) . This was pioneering work scientifically, attracting much worldwide attention at the time and demonstrating important changes in rates of amino-acid recycling and in serum, muscle and liver protein turnover in protein-deficient rats. However, the isotope decay-rate approach proved to be of limited utility. It was mainly useful in animal studies, and was unable to examine acute dietary influences and regulatory mechanisms, or the measurement of WBPT.
Precursor methods for studying protein synthesis and turnover John was particularly interested in the rate of WBPT, likening it to the basal metabolic rate. He developed two minimally invasive, mathematically simple methods -a constant tracer infusion 'precursor' approach and an 'end-product' approach -and these became the basis of almost all work on protein and amino-acid turnover which has been conducted to date.
Radioactive tracers
The 'precursor' approach involves a constant infusion of a tracer-labelled amino acid until an isotopic steady state is attained in the plasma amino-acid pool, from which the amino-acid flux and WBPT can be calculated. Tissue-protein synthesis rates can also be estimated from the tracer incorporation into protein in relation to the precursor labelling. John's approach involved constant intravenous infusions of [U-
14 C]lysine (15). During a two-year sabbatical from Jamaica (1960) (1961) in a small laboratory in the Mint Stables within St Mary's Hospital Medical School, he and Joan Stephen developed a diver micro-method for a [
14 C]lysine assay in the small amount of plasma and tissue available. With this precise but extremely laborious method they completed ground-breaking [
14 C]lysine protein-turnover studies, enabling a complete description of WBPT (18) and the influences of age, sex, protein deficiency and starvation on tissue-protein synthesis rates in the rat (20, 23) , and WBPT in adult men (17). This was an enormous amount of work, and in 1966, when I arrived at the TMRU, John and Joan were in the middle of this work, carrying out their diver studies on a Tuesday, when they were incommunicado all day. The unit was not yet air-conditioned and the labs could be uncomfortably hot, so John worked stripped to the waist. My first glimpse of this famous man with no shirt on was quite disconcerting but it was completely accepted by his staff, who knew just how difficult the diver studies were to perform. There were rumours of this behaviour elsewhere in the medical school, but few believed it happened.
After these initial studies with this laborious [ 14 C]lysine approach, John's PhD student Peter Garlick introduced other tracers, culminating in the simpler large-dose single-injection [ 3 H]phenylalanine method (Garlick 1969; Garlick & Marshall 1972; Garlick et al. 1980) , the latter approach becoming the method of choice today in small-animal studies of tissue-protein synthesis. These methodological developments at the CNMU in London enabled a step change in the volume of animal work by his group.
John's early use of tissue DNA as a standard for his enzyme activities was now expanded to defining the capacity for protein synthesis in terms of the rate per diploid nucleus (per unit DNA), in turn a function of ribosomal number (RNA/DNA and RNA/protein ratios) and ribosomal activity (protein synthesis per unit RNA (Millward et al. 1973) ). By relating the time course of changes in tissue-protein synthesis to rates of change of tissue-protein content, protein breakdown could also be assessed (27) . This meant that, with an accurate measure of the rate of protein synthesis and tissue composition and the rate of change in response to a treatment (developmental, dietary, hormonal or passive stretch-induced muscle hypertrophy), a complete description of the mechanisms controlling tissue-protein balance in vivo could be obtained (30) .
Stable isotope tracers
The precursor approach became very widely used in human studies of protein turnover after the re-introduction of stable isotope amino-acid tracers. These had first been used by Schoenheimer & Rittenberg (1938) and are quite safe for human studies, unlike radioactive tracers. Halliday, another of John's PhD students, reported studies in human adults with [ 15 N]-lysine (Halliday & McKeran 1975) , and Bier and Matthews introduced the use of [ 13 C-1]leucine (Matthews et al. 1980; Bier & Matthews 1982) . This became the tracer of choice in primed-dose constant infusions, especially when coupled to a muscle biopsy allowing both WBPT and muscle protein synthesis as adopted by John's London group, in collaboration with Halliday, Rennie, Bier and Matthews. They described the first measurements of the sensitivity of muscle protein synthesis to feeding (Rennie et al. 1982a) , and its marked depression in boys with Duchenne muscular dystrophy (Rennie et al. 1982b ). Rennie and colleagues subsequently combined this approach with multiple muscle biopsies and molecular biology techniques focusing on signal-transduction pathways, allowing considerable insight into the regulation of muscle mass by nutrition, physical activity and ageing. In my own case, human [ 13 C-1]-leucine constant infusion studies revealed the adaptive metabolic-demand component of the protein requirement and allowed the true efficiency of dietary protein utilization to be assessed (Millward 2003) .
End-product methods for studying protein synthesis and turnover
From the beginning of his protein-turnover studies John searched for a simple method to measure WBPT, especially using [
15 N] after the acquisition of an isotope ratio mass spectrometer at the TMRU in the early 1960s. This allowed him to use [
15 N]-labelled glycine for studies of WBPT, initially in malnourished infants in the TMRU with Picou, Golden and Jackson, and then with Fern in London (38, 39) .
The end-product method allows calculation of the flux through the body's free amino-acid nitrogen pool and whole-body protein synthesis, calculated simply from the proportion of the John's work with Fern showed that the original somewhat arbitrary choice of [ 15 N]-glycine as the tracer was in fact the most appropriate tracer and that an 'end-product average' approach with flux calculated from the [ 15 N] tracer enrichment in both ammonia and urea resulted in the best measure of WBPT (38). WBPT rates measured in severely malnourished infants on admission in Jamaica (28) and Nigeria (33) were markedly depressed but rapidly recovered with treatment, results confirmed in subsequent studies in Malawi (Manary et al. 1998) and in the TMRU in Jamaica (Jahoor et al. 2005) . These latter studies showed WBPT rates to be much lower in the oedematous infants compared with non-oedematous infants on admission, consistent with the idea of an 'adaptive reduction' or near shutdown in all metabolic processes in these very severely ill children, as indicated by John's early meticulous observations of the fragility of oxidative phosphorylation in their livers. It is part of the explanation of the need for caution in feeding such infants, and the high mortality when they are fed aggressively with high-protein feeds before they have been able to repair their tissue damage.
Significance of Waterlow's protein-turnover work
This work arose out of John's lifelong belief that a failure of protein synthesis was an important component of severe infantile malnutrition, which was ultimately demonstrated. However, he was always the first to agree that his protein-turnover work had little impact either on the clinical management or on public health measures to prevent severe infantile malnutrition. Indeed, the success of his Jamaica unit in reducing mortality of the malnourished infants with a regime which starts with the feeding of modest amounts of a low-protein diet (3.5% protein calories) to initiate a cure, demonstrates his pragmatism, adopting the treatment regime which worked. The global implementation of the treatment principles as described in his 2006 update of his 1992 protein-energy malnutrition book (40), which derived from his time at the TMRU and were further developed by his colleagues and successors (especially Ann Ashworth and Alan Jackson, now joint convenors of an International Task Force on Malnutrition, and Michael Golden, now working in emergency and famine relief), is part of his legacy.
John's unfailing espousal of the end-product method was because of his characterization of whole-body protein synthesis as a physiological measure like that of the metabolic rate which was important in its own right. It required a simple method of measurement which could be used in the field, such as by explorers walking to the South Pole (35), in infected infants in Nigeria (33) or by astronauts during space flight (see 38). It is also unlikely that the step function and circadian rhythm in protein turnover identified in his work with Alan Jackson (36) could have been discovered with the precursor approach.
In his foreword to his revised book Protein turnover (39) , while acknowledging the large amount of work published since the first 1978 edition (31) , especially that involving stable isotopes, John suggested an end to the era of simple measurements of protein synthesis and breakdown rates, which had been overtaken by studies to unravel the molecular biology of these processes. In fact, his modesty probably accounts for his underestimation of the profound and continuing importance of his precursor constant-infusion methods for all current work on the regulation of tissue and organ protein balance in health and disease, and on measurement of amino-acid oxidation rates and balance during constant-infusion studies. This has allowed a much better understanding of human nutritional requirements for amino acids and protein (WHO 2007) , and represents a major part of his scientific legacy.
Conclusions
John Waterlow's engaging personality was obvious to all who met him, showing in both early passport photos and while relaxing in Kew Gardens at 93 (figure 4). In fact he was characterized by an extraordinary combination of physical toughness and intellectual brilliance, yet he was extraordinarily kind and generous to all who worked for him. Most importantly, he allowed us to both learn and profit from his intellect and ideas in an unrestricted way, in some cases even removing his name from publications of scientific work he had conceived, directed and largely written, arguing that it would help our careers. In my own case it certainly did. Such behaviour is sadly all too rare in science. Honours, degrees and awards 
